
NASA Stanford Vision Chip

"Development of an implantable device consisting of an array of

carbon nanotubes on a silicon chip for restoration of vision in

patients with macular degeneration and other retinal disorders"

Carbon Nanotube Bucky Paper for Relinal Cell Transplantation

"A meshwl'irk of carbon nantolnbes as a subslFale for retinal cell

growlh and as a 'carrier' to facilitate surgical transplantation of

retinal cells into the retina iif patients with macuhlr degeneralilm"

What is m(wttlar degeneration?

Age Rehited Macular Degeneration
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NASA/Stanford Vision Chip

This project focuses exclusively on issues related lo Ihe interftlce
with the retinal tissue, and (l_vesnot involve w_)rk with CCD chips.

Ihtrdle #1 : To demonstrate biocompatibility of cart×_n nanotubes
in intact retinal tissue.

Hurdle #2: 'to dem(rnstrate that carbon nat'a'_lu|}e towers have

suft]cient mechal|ical slrenglh to penetrate retinal lissue.

tlurdle #3: Tt_dem_.}nslrate the ability of car|_)n nlm(_labes t(;
c_mvey electrical signals to the relinal ganglion cell layer.

Preliminary Biocompatibility Data
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Carbon Nanotube Tower on a SiLicon Chip

Tower consists of a bundle of multi-walled carbon nan(_tubes

Hurdle #1: Tissue Biocompatibilily

liurdle #2: Mechanical Strength

llurdle #3: Electrophysiology Testing

conductive path

carbon nanotube

tower

3 mm

Electrophysiology testing will consisl of retinal tissue slimnlation
by the "Quad Chip," with rec(_rding of electrical activity in the
ganglion cell layer adjacent to the CNT lowers.

NASAStanford Vision Chip

Etigh Risk�High Payoff Technology

Ilurdle #1: CNT's are bitYcornpatible

Hurdle #2: ('NT towers have sufficient mechanical

strength to penetrate relinal tissue.

llurdle #3: Can CNT towers c,.mvey electrical
signals tr) relinal ,ganglion cells?
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Retinal Cell Transplantion

• In the early stage of macular degeneration, retinal

pigment epithelial (RPE) cells die, which leads to

loss of photoreceptors. Solution?--replace the
cells that are lost.

• RPE cells and iris pigment epithelial (IPE) cells

can be harvested from the eye, grown in culture,

then pnt back into the eye ("autologous

transplantation").

Problems with Retinal Cell Transplantation:

• Transplanlation of suspensions of epithelial cells

into the sub-retinal space fails to re-establish the

proper architecture of the RPE layer. Instead of a
sheet of uniformly oriented cells, you get a

"jumble" of cells.

Solution:

• Establish the proper orientation of the epithelial

cells prior to transplantation, by growiq_g them in

culture on a physical suplx)rt: Carbon Nanotube

"llacky Paper"

Carbon Nnnotube Bucky Paper

A meshwork of bundles of CNT's

Low-resolution Scanning Electron Micrograph of

Carbon Nanotnbe Bucky Palter

Scanning Electron Micrograph of RPE cells grown

On Carbon Nanotube Bucky Paper

Result: Confluent monolayer, with uniform orientation (ff cells

Light Micrograph/ttistological Staining of RPE Cells

Grown on Carbon Nanotube Bucky Paper

I('Oprn

Result: Excellent allachment _f RPE cells to tile Bucky Pa|_r

surlace; cc, l'd]nnalitm of correct apical/basolaleral orientation



Implanlation of Carbon Nanotube Bucky Paper

into the Sub Retinal Space of an Albino Rabbit

Resull: Bncky paper is easily manipnlated danng surgery

(does nL_t tear and slays fiat), and is immunologically

well-t,_lerzted hy i'he' e'ye

Carbon Nanotube Bucky Paper for Retinal Cell Transplantation

Summary:

Iturdle #1: Celhlar Biocompatibility--RPE and IPE cells can be

grown on CNT Bncky Paper.

Hurdle #2: Mechanical suitabilily--Bucky Paper can be

successfully implanted sttrgically.

I turdle #3: Tissue Biocompatibility--No signs of rejection in short

tissue implantation studies.

Hurdle #4: Long lerm Tissue Bi_ompalibility--Is CNT Bucky

Paper suitable for permanent implantation?

_______-
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